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ObituaryIt is painful to start writing an article des-
tined to be an Obituary for a dear friend 
and a great scientist. To describe Joshua 
Lederberg as a “polymath” would be an 
enormous understatement. He made 
seminal contributions to the fields of 
microbiology and molecular biology 
and also to artificial intelligence, organic 
chemistry, exobiology, and many other 
disciplines.
Joshua Lederberg was born in 1925 in 
Montclair, New Jersey, the son of a rabbi, 
and grew up in Manhattan. From 1941 to 
1944, he studied premedical Zoology at 
Columbia College and then until 1946 
was a medical student, working part-
time on bacterial genetics research with 
Francis Ryan. Much to the chagrin of his 
parents he left medicine and became a 
graduate student with Ed Tatum at Yale, 
defending his PhD thesis in 1948. It was 
at Yale in 1945 that he started 
experiments that led him to 
discover genetic recombi-
nation in bacteria, for which 
he would later win the Nobel 
Prize in Physiology or Medi-
cine (1958).
At that time, the biology 
of bacteria was in a con-
fused state. Joshua saw cor-
rectly that if one could find 
evidence of sex, or at least 
recombination, it might shed 
light on the biology of bac-
teria, as Mendel’s work had 
done for higher organisms. 
He was greatly encouraged 
by Oswald Avery’s discovery 
(together with Colin McLeod 
and Maclyn McCarthy) that 
DNA could transform pneu-
mococci. In his search for 
recombination in bacteria, 
Joshua felt that the biochemi-
cal mutants of Escherichia 
coli made by Ed Tatum pro-
vided the appropriate meth-
odology for testing his ideas. 
Unlike the parent strain, these 
mutant E. coli strains could 
not grow on minimal media 
but would grow if provided with the spe-
cific growth factors that they had lost the 
ability to synthesize. Joshua hoped to 
show the existence of an analog of sex 
in bacteria by seeding on minimal media 
a mixture of mutant strains that might 
grow if gene exchange (genetic recom-
bination) took place. Working away in 
Tatum’s lab, he waited until all of the 
controls were in place and made his first 
positive observation of bacterial recom-
bination on Sunday June 2, 1946.
One month later, Cold Spring Harbor 
Laboratory held their first symposium 
dedicated to the genetics of microorgan-
isms. It brought together all of the pio-
neers of this brand new field: Salva Luria, 
Andre Lwoff, Jacques Monod, Boris 
Ephrussi, Guido Pontecorvo, Ed Tatum, 
David Bonner, Milosic Demerec, Alfred 
Hershey, and many others. Tatum (against 
symposium rules) allowed Joshua to give 
the second part of his talk reporting the 
discoveries of the past few weeks. This 
impromptu lecture created a storm. All 
of the big shots had been giving mag-
niloquent talks, saying what a pity that 
bacteria don’t have sex, and here comes 
this portly, slightly arrogant 21-year-old 
graduate student serving bacterial sex 
(more precisely, recombination) on a sil-
ver platter. Several tried to discredit the 
discovery, especially Lwoff. Joshua later 
wrote that the heated, open discussion 
made acceptance of the discovery faster 
than if it had been entrusted to a simple 
publication in a scientific journal. Twelve 
years later the Nobel Prize was awarded 
for this discovery to Lederberg, Tatum, 
and George Beadle (for his earlier work 
with Tatum on biochemical mutants in 
the fungus Neurospora).
A year after the Cold Spring 
Harbor symposium, Joshua 
published a genetics paper 
in which he described the 
recombination of many unse-
lected markers in E. coli and 
the building of the first chro-
mosome linkage map of a 
bacterium. The paper was a 
technical tour-de-force and 
it spurred my entry into the 
field of bacterial sex, start-
ing a long and fruitful col-
laboration with Joshua. I 
was in Italy working on other 
aspects of bacterial genetics 
when much to my surprise, 
Sir Ronald Fisher offered me 
a job in his department at 
Cambridge University, where 
he wanted me to repeat and 
extend Joshua’s recombi-
nation experiments. Fisher 
was interested in testing with 
recombination data a math-
ematical theory of crossing-
over and wanted an organ-
ism growing much faster 
than mice for developing his 
theory. (Bacteria might have 
helped, although it turned 
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out from my research that they do not 
undergo meiosis like higher organisms, 
thus frustrating Fisher’s hopes.)
I wrote to Joshua to get the E. coli 
K12 strain that he had used for his 
experiments and then started produc-
ing mutants of recombination behavior, 
discovering one that had lost the capac-
ity to recombine with some strains and 
another that had a recombination rate 
thousands of times higher than the origi-
nal. I called the second strain Hfr (high 
frequency of recombination). In 1950, 
I returned to Italy but kept in frequent 
contact with Joshua and his first wife 
Esther, and we developed a close col-
laboration without ever having met. I 
discovered that the “male” bacterium is 
tied to an infectious particle called F that 
can multiply independently of the chro-
mosome in the cytoplasm and is easily 
transferred by a strain carrying F (F+) to 
a strain that does not (F−). It was later 
found that F can also be incorporated 
into the chromosome at several different 
points. When F is on the chromosome, 
the bacterial cell then behaves like the 
Hfr strain. I wrote to Joshua about my 
observations and received the answer 
that he and Esther were making very 
similar observations, and we decided to 
publish them together.
Esther Lederberg was Joshua’s close 
and devoted collaborator, and they 
spent most of their time together in the 
laboratory. Sometimes it is difficult to 
say who found or did what in their joint 
papers, which are too many to count. 
One remarkable product of those fruitful 
experiments was the beautiful technique 
of subculturing bacteria, called replica 
plating. This technique was also used 
to test whether bacterial mutations that 
confer resistance to antibacterial agents 
are spontaneous or are induced by the 
agents to which resistance has devel-
oped. The test involved growing paral-
lel sib lines from sensitive ancestors of 
resistant bacteria and observing them 
in the presence or absence of the agent to which resistance had arisen. Not sat-
isfied with the proof that at least some 
resistance mutants arise spontaneously, 
Joshua also thought of a modification 
of the sib-selection method that used a 
clever quantitative accounting of bacterial 
growth. On my first visit to his laboratory 
in 1954, we used this approach to show 
that all mutants resistant to the antibiotic 
streptomycin arise spontaneously.
Moving to the University of Wiscon-
sin, Joshua became assistant profes-
sor in 1947, associate professor in 1950, 
full professor in 1954, and chairman in 
1957. While there, Esther found that the 
E. coli K12 strain harbored a “temperate” 
phage called lambda. The Lederbergs 
discovered that the DNA of the lambda 
phage is normally inserted into the E. coli 
K12 chromosome, although occasion-
ally it loops out of the chromosome by a 
specific crossing-over event, replicates 
inside the bacterium, and ultimately 
results in lysis of the bacteria. Although 
lysogenic phages were already known, 
what was new in their discovery was that 
lambda phage can establish itself on the 
bacterial chromosome without lysing its 
host, at least not immediately. Moreover, 
when it leaves the attachment site it can 
bring along an adjacent segment of DNA 
and thus can transfer genes to another 
bacterium, a phenomenon Lederberg 
called transduction. Subsequently, Nor-
ton Zinder (then a graduate student) and 
Lederberg found a phage of the bacte-
rium Salmonella that can drive general-
ized transduction of all markers. The 
names episome and plasmid were given 
by Joshua to extrachromosomal genetic 
elements that can multiply in the bacte-
rial cytoplasm.
In 1959, Joshua moved to Stan-
ford University to found their Genetics 
Department where he stayed until 1978. 
In 1971, I joined him at Stanford and had 
a chance to learn about his incursions 
into many new fields. One of these was 
artificial intelligence, and his contribu-
tions included developing DENDRAL, a Cell 1program for reconstructing the structure 
of chemical isomers from mass spec-
trometry data. Joshua also became 
heavily involved in exobiology (another 
word he coined), a field that studies the 
possibility and likely nature of life beyond 
Earth. It was on his recommendation that 
NASA had all material sent to the Moon 
sterilized in order to avoid bacterial con-
tamination. He collaborated extensively 
with NASA on Mars research as well.
From 1978 to 1990, he was President 
of Rockefeller University and directed 
a laboratory dedicated to studying the 
interaction of gene function and the ori-
gin of mutations. During this period, he 
frequently traveled to Washington DC 
at the request of the US government. 
His most important contribution in this 
respect may have been as a key advisor 
to the Pentagon regarding the threat of 
biological warfare.
Joshua’s widow, Marguerite Stein 
Lederberg, is a professor of Psychiatry 
at the Memorial Sloan Kettering Can-
cer Center in New York City. They have 
two children, David Kirsch and Anne 
Lederberg. I thank Marguerite for intro-
ducing me to an article that summarizes 
Joshua’s work on artificial intelligence 
(J. Am. Med. Inform. Assoc. 7, 326–332, 
2000). It contains a wonderful statement 
by Joshua: “One principle I would like to 
have my name attached to, Lederberg’s 
principle, is that machines will become 
really smart when they can directly (1) 
read the literature and (2) spend some 
time living in the real world, where the 
survival of the fittest will determine who’s 
out there. As long as we have to spoon-
feed them, datum by datum, they are 
going to be evolving in a very cumber-
some and costly way indeed.” Joshua 
was an intellectual cyclone with global 
curiosity and had an enormous capacity 
for hard work and an ability to think about 
basic problems and stay on course in 
researching them to the degree neces-
sary to get major results that have stood 
the test of time.
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